Plastocyanin, photosynthesis, monolayers, surface chemistry, chlorophyll
M ethods and M aterials
The pcyan used for this study was the generous gift of Prof. N. Bishop of the University of Oregon, Corvallis; the sample was reported to be electrophoretically pure. The samples of pcyan used to form the film contained oxidized and reduced forms.
Over the pH range of 6 .0 to 7.8 phosphate buffer was used; over the pH range 8.2 to 9. Tris buffer was used. The temperature of the subphase was maintained at 15 °C. Measurements of m ixed films containing chi were carried out in a nitrogen en vironment. Chi a was prepared as described pre viously (Aghion et a l.5) .
The equipment used to study the surface proper ties of pcyan are similar to those described previous ly (Aghion et al. To determine surface potentials ÄV, a Keithley differential electrometer (Model 6 0 4 ) was used to measure the difference in potential between a radio active Nickel electrode and a silver-silver chloride electrode (G aines6, B ro d y 7). The precision for measuring ÄV is + 1 0 m V . The m ixed films were radiated at ti = 6 dyn/cm with a 100 W low pressure Hg lamp without filters; intensity of the surface was 2 • 103 erg/cm 2 sec. After irradiation the films were expanded and the surface isotherms measured.
Results and Discussion
Stable films and reproducible surface pressurearea (tt-A) isotherms are obtained when an ionic strength of at least 0.5 is maintained in the aqueous phase. In this study a constant ionic strength of 0.6 was used.
In some cases high ionic strengths in the sub phase have been shown to cause denaturation of protein monohayers (avies and R id ea l8) . To deter mine if pcyan monolayers were susceptible to this form of denaturation two experiments were run with phosphate buffer (pH 7.8) at ionic strangths of 0.6 and 0 .0 0 6 6 . Denaturation apparently is not occurring at high ionic strength since in both cases the values of area/molecule, A, and surface potential, AY, at 7 i= l dyn/cm were the same within experimental error. However, after compressing the film to 3 or 6 dyn/cm the areas at low ionic strength were 10 to 15% lower than at the higher ionic strength. It appears that with a low ionic strength in the subphase compression to high values of n force some of the pcyan into the subphase. A typical ti-A isotherm is shown in Fig. 1 measured repeatedly up to and beyond the collapse point, the size of the m olecule is observed to decrease with each isotherm. However, if a surface pressure of 6 dyn/cm is not exceeded, then after the third iso therm the size of the m olecule remains constant. The decrease in molecular area between the second and third isotherm is only 2 to 4%. When a surface pressure of 2 dyn/cm is not exceeded in measuring successive isotherms there is only 2 to 4% decrease in area between the first and second isotherms. Between the second and third isotherms the decrease in area is less then 1%.
There is a time dependency for the molecules to reorient on the surface as t i is increased. The time required for the molecular orientation to come to equilibrium at low values of n ( < 2 dyn/cm ) in neg ligible. However, at high values of ti ( > 4 dyn/cm) it takes 2 to 10 min for t i to reach equilibrium (see Fig. 3 ).
Time l 'minJ -------* - Fig. 3 . The time dependence for the surface tension, n , of a film of plastocyanin to reach equilibrium at different stages of compression. Data was obtained by periodically interrupting the compression of the film and measuring t i at constant area. At low values of t i equilibrium is reached immediately, how ever, at high values of t i (above 4 dyn/cm) it takes several minutes.
Surface isotherms and surface potentials of pcyan at an air-water interface were measured as a func tion of pH of the subphaes. At a pH of about 8 .6 a maximum is obtained for the area/m olecule (at ti = 3 d yn/cm ), A3 , equal to 375 Ä 2, see Fig. 4 . At the same pH and value of n a maximum is also ob tained for AV3 equal to 3 2 5 ± 1 0 m V . Between pH 7.2 and 6 .8 a minimum value is obtained for A 3 equal to 2 2 0 Ä 2; at pH 7.2 a minimum AV3 is ob tained equal to 2 1 0 mV. The role proposed for pcyan in photosynthesis is that of an electron donor to System I. The photo reaction observed above in the monolayer could be
